The risk of rheumatoid arthritis (RA), an autoimmune disease, in the elderly population increases along with that of atherosclerosis, cardiovascular disease, type 2 diabetes, and Alzheimer's disease. Identifying specific biomarkers for RA can clarify the underlying molecular mechanisms and can aid diagnosis and patient care. To this end, the present study investigated the genes and proteins that are differentially expressed in RA using a mouse collagen-induced arthritis (CIA) model. We performed gene microarray and proteome array analyses using blood samples from the mice and found that 50 genes and 24 proteins were upregulated and 48 genes were downregulated by more than 2-fold in the CIA model relative to the control. The gene microarray and proteome array results were validated by evaluating the expression levels of select genes and proteins by real-time PCR and western blotting, respectively. We found that the level of integrin α2, which has not been previously reported as a biomarker of RA, was significantly increased in CIA mice as compared to controls. These findings provide a set of novel biomarkers that can be useful for diagnosing and evaluating the progression of RA.
Introduction
The incidence of rheumatoid arthritis (RA) is rising in the elderly population; according to a report by the National Institutes of Health, approximately 1.3 million adults are afflicted with RA [1] . It is estimated that up to 1% of the global population has been diagnosed with RA. The symptoms include swelling, pain, and joint stiffness from the knuckles to the knees. RA can also affect other organs such as lungs and heart, and is a progressively debilitating disease that can dramatically reduce the quality of life. The exact cause of RA is unknown, although it is assumed that both genetic and environmental factors are involved [2, 3] . It has been reported that RA is related to the binding of autoantibodies to the host synovium [4] , qualifying RA as an autoimmune disease. The incidence of RA is higher in women, suggesting that sex hormones influence disease etiology [5] . Cigarette smoking and dust are also proposed risk factors for RA [6, 7] . Similar to atherosclerosis, cardiovascular disease, and non-insulin-dependent diabetes, RA is an age-associated disease [8, 9] . Rheumatoid factor (RF) and circulating anti-cyclic citrullinated peptide levels are biomarkers for RA diagnosis; however, only a subset of patients expresses both factors [4, 10] . Patients are also diagnosed based on symptoms and family history [11] .
A DBA1/J mouse model of collagen-induced arthritis (CIA) is widely used for the study of RA [12, 13] . These mice exhibit the pathological features of RA, including synovial hyperplasia, inflammatory cell infiltration, and cartilage erosion [14] . Transferring CIA mouse serum to healthy mice induces arthritis via passive immunity [15, 16] .
Tumor necrosis factor (TNF)-α is a key cytokine involved in RA. Transgenic mice overexpressin human TNF-α develop RA, and treatment of arthritic mice with anti-TNF-α antibody prevents disease
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International Publisher development [17, 18] . Interleukin (IL)-1, a component of TNF-α signaling, plays an important role in cartilage erosion [18, 19] . Several genes have been linked to RA susceptibility [20, 21] , including signal transducer and activator of transcription (STAT)4, which is a risk factor for systemic lupus erythematosus [22] and is associated with IL-12/23 and interferon (IFN)-α/β in T cell signaling [23] . Despite these findings, there are few specific biomarkers that are useful for diagnosing and monitoring the progression of RA.
To address this issue, we analyzed the gene and protein expression profiles of RA using the CIA model. A previous gene expression profiling study using CIA mice reported that major histocompatibility complex class I, II, basigin, fibroblast activation protein, cathepsin K, cluster of differentiation (CD)53, RAF-1, glucagon, and retinal taurine transporter contribute to CIA susceptibility or severity [24] . In the present study, we identified the integrin α2 gene (Itga2) as an additional and novel biomarker for RA. 
Materials and Methods

Materials
In vivo experiments
Bovine type II collagen was used to induce arthritis in mice as previously described [16] . Briefly, bovine type II collagen (2 mg/ml) was mixed at a 1:1 volume ratio with complete Freund's adjuvant. Each mouse was injected with 100 mg of bovine type II collagen in 0.1 ml of emulsion. A booster injection of 100 mg of bovine type II collagen was administered subcutaneously as a solution in 0.1 ml of incomplete Freund's adjuvant 14 days later. Mice were continuously observed for swelling of the distal joints after the primary immunization. Arthritis developed between 34 and 40 days after the primary immunization based on the arthritis score [16] (data not shown). At the end of the experiment, blood and paws were collected from each mouse. Whole blood was stored in a PAXgene tube (Qiagen, Valencia, CA, USA) at −80°C until RNA and protein extraction. Paws were fixed in 10% buffered formalin, decalcified in 10% formic acid, and then embedded in paraffin. Sagittal serial sections of the whole paws were cut and stained with hematoxylin and eosin for light microscopy examination.
RNA extraction, cDNA synthesis, and quantitative real-time (qRT-)PCR Total RNA was extracted using the QIAamp RNA Blood Mini kit (Qiagen) according to the manufacturer's protocols, and 1 µg was used for cDNA synthesis with the SensiFAST cDNA Synthesis kit (Bioline, Taunton, MA, USA), with a primer annealing step at 25°C for 10 min, followed by reverse transcription at 42°C for 15 min, inactivation at 85°C for 10 min, and storage at 4°C. qRT-PCR was performed on an ABI StepOnePlus system (Applied Biosystems, Foster City, CA, USA). Forward and reverse primer sequences were as follows: IL-1β, 5'-GCTCATCTGGGATCCTCTCC-3' and 5'-CCTGCC TGAAGCTCTTGTTG-3' [54] ; IL-6, 5'-ACGGCCTTCC CTACTTCACA-3' and 5'-CATTTCCACGATTTCCCA GA-3' [55] ; TNF-α, 5'-GCCTCTTCTCATTCCTGCTT G-3' and 5'-CTGATGAGAGGGAGGCCATT-3' [55] ; integrin α2, 5'-CGCTCCTTCTGTCATCAAGAGTGT C-3' and 5'-GGAATGTGGATAGTCACCAATGCC-3' [56] ; and β-actin, 5'-CGTGCGTGACATCAAAGAGA A-3' and 5'-TGGATGCCACAGGATTCCAT-3' [55] . β-Actin was used as an internal control to normalize target gene expression levels, which were determined with the 2 −ΔΔCT method [57] .
Protein extraction and western blotting
Blood from control and CIA mice was mixed with radioimmunoprecipitation assay buffer (Thermo Fisher Scientific, Waltham, MA, USA) containing protease inhibitor (GE Healthcare, Little Chalfont, UK). After incubation on ice for 20 min, samples were centrifuged at 15,000 × g and 4°C for 15 min. The supernatant was used to determine the protein concentration with the Quick start Bradford reagent (Bio-Rad). A total of 100 µg of extracted protein was used for immunoblotting. Samples were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to a polyvinylidene difluoride membrane. After incubation with 5% skim milk in Tris-buffered saline with Tween 20 (TBST) composed of 10 mM Tris (pH 8.0), 150 mM NaCl, and 0.05% Tween 20 for 1 h, the membrane was incubated overnight at 4°C with antibodies against the following proteins: IL-1β (#12242) and glyceraldehyde 3-phosphate dehydrogenase (GAPDH; #5174) (both from Cell Signaling Technology, Danvers, MA, USA); TNF-α (ab66579) and integrin α2 (ab133557) (both from Abcam, Cambridge, MA, USA); IL-6 (sc-1265-R) (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The membrane was washed four times for 5 min and incubated for 2 h with a 1:10,000 dilution of horseradish peroxidase-conjugated anti-mouse or -rabbit antibody. The membrane was washed six times with TBST for 10 min and developed with the enhanced chemiluminescence system (GE Healthcare) and blue X-ray film (Agfa HealthCare NV, Mortsel, Belgium) according to the manufacturer's protocols. After the transfer, the gel was stained with Coomassie Blue reagent (Bio-Rad). GAPDH was used as the loading control. The membrane was stained with Ponceau S (Sigma-Aldrich, St. Louis, MO, USA) after immunoblotting.
Microarray
Blood was collected from mice in a PAXgene blood RNA tube (PreAnalytiX, Hombrechtikon, Switzerland) and RNA was isolated using the PAXgene Blood RNA kit (PreAnalytiX) according to the manufacturer's protocol. RNA purity and integrity were determined based on the optical density 260/280 ratio on an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA). Microarray analysis with a GeneChip Mouse Gene 2.0 ST Array was performed Macrogen Co. (Seoul, Korea). Raw data were extracted using Affymetrix Expression Console software and were filtered when P < 0.05. The statistical significance of expression data was determined with the independent Student's t test based on fold change, where the null hypothesis was that no difference existed between the two groups. Gene enrichment analysis and functional annotation were performed based on Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways.
Proteome array
The ProteomeProfiler Mouse Cytokine Array Panel A (R&D Systems) was used according to the manufacturer's protocols to obtain protein expression profiles using 50-μl blood samples. Spot density was determined using HLImage software (Western Vision Software, Salt Lake City, UT, USA).
Statistical analysis
Differences between groups were evaluated with the Student's t test using Excel software (Microsoft, Redmond, WA, USA). P < 0.05 was considered statistically significant.
Results
Murine model of arthritis
To identify potential biomarkers of RA, we established a mouse CIA model by injecting male DBA1/J mice with bovine type II collagen. Pathological changes were observed after 49 days; the mice had swollen paws and ankles typical of arthritis ( Figure 1A ). Histological examination of the mouse foot revealed increased inflammation and immune cell infiltration ( Figure 1B) , and the cartilage boundaries appeared crushed. These results confirm that RA was induced in the CIA mice after 49 days. 
Gene expression profiling
Gene expression analysis was performed using RNA from blood samples from control and CIA mice. In total, 98 genes showed ≥ 2-fold change in blood mRNA expression in CIA as compared to control mice (Table 1 and Table S1 ). Of these genes, 50 (Tables 1 and 2 ). Genes in five of nine analyzed pathways were downregulated in CIA. For example, Th1 and Th2 cell differentiation in the immune system category showed downregulation of seven genes. Of the 26 analyzed pathways, five contained only genes that were upregulated in CIA, such as those related to mitogen-activated protein kinase signaling, extracellular matrix (ECM), and focal adhesion. All of the analyzed pathways had P < 0.05.
Protein expression profiling
Changes in protein levels in CIA mice were evaluated with a proteome array using whole blood. Because most genes identified by the KEGG pathway analysis were related to the immune system and immune-related diseases, we used the ProteomeProfiler Mouse Cytokine Array Panel A for protein expression profiling. We found that the levels of all 40 cytokines were slightly increased in the blood of CIA as compared to control mice (Table S2), with 24 showing a > 2-fold increase (Table 3B ). These genes were grouped into 18 categories based on the KEGG classification scheme (Table 3A) . Most of the upregulated cytokines were associated with cytokine-cytokine receptor interaction, Janus kinase-STAT signaling, and helper T cell (Th)17 differentiation pathways, whereas seven were associated with RA and the hematopoietic cell lineage. The cytokines associated with the RA pathway included IL-17; IL-23; IL-1β; monocyte chemoattractant protein (MCP)-5; TNF-α; regulated upon activation, normally T-expressed, and presumably secreted (RANTES); IL-6; and IL-16. IL-2 expression showed the greatest difference between CIA and control mice. The levels of IL-1β, TNF-α, and IL-6, which are the major pro-inflammatory cytokines [25] , were 6.41, 3.35, and 2.41-fold higher, respectively; IL-17 and -23, which are involved in Th17 cell differentiation [26] , were upregulated by 13.09-and 7.21-fold, respectively; and RANTES, also known as Ccl5 [27, 28] , was upregulated 2.5-fold in the RA model.
Validation of differentially expressed genes and proteins
The results from the gene expression microarray and proteome array were validated by qRT-PCR and western blot analysis of selected genes and proteins, including integrin α2, IL-1β, TNF-α, and IL-6, that showed ≥ 2-fold difference in expression relative to the control. Consistent with the gene microarray results, Itga2 expression was significantly higher in CIA than in control mice by qRT-PCR (Figure 2) . A similar result was obtained for the genes encoding IL-1β, TNF-α, and IL-6. Western blot analysis revealed that blood protein levels of integrin α2, IL-1β, TNF-α, and IL-6 were increased in CIA as compared to control mice (Figure 3) . Thus, the qRT-PCR and western blotting results support the validity of the microarray and protein array data. -cytokine receptor interaction  IL-2, IL-27, IL-17, MIP-1beta, IL-23, IL-1beta, IL-1ra, MIP-2, MCP-5, TARC, IL-3,  TNF-alpha, IP-10, MIG, BLC, I-TAC, RANTES, IL-4, IL-6, IL-5, IL-10   21   2  Jak-STAT signaling pathway  IL-2, IL-27, IL-23, IL-3, IL-4, IL-6, IL-5, IL-10  8  3  Th17 cell differentiation  IL-2, IL-27, IL-17, IL-23, IL-1beta, IL-1ra, IL-4, IL-6  8  4  Rheumatoid arthritis  IL-17, IL-23, IL-1beta, MCP-5, TNF-alpha, RANTES, IL-6, IL-16  7  5 Hematopoietic cell lineage IL-1beta, IL-1ra, IL-3, TNF-alpha, IL-4, IL-6, IL-5 7 6
NOD-like receptor signaling pathway IL-1beta, MIP-2, MCP-5, TNF-alpha, RANTES, IL-6 6 7
Graft 
Discussion
RA initially occurs as non-specific inflammation in the joints; however, other organs are also affected in 15%-25% of individuals [29] . Following T cell activation, chronic inflammation occurs accompanied by tissue injury due to activation of the pro-inflammatory cytokines IL-1 and -6 and TNF-α. Our microarray results showed that Itga2 and Irf7 were upregulated, whereas cd4 was downregulated in CIA mice. A KEGG pathway analysis indicated that pathways related to the immune system were highly represented among the differentially expressed genes. Accordingly, IL-2, -27, -17, IL-1β, -6, and TNF-α levels were > 2-fold higher in the RA model relative to control mice, which was confirmed by qRT-PCR and western blotting.
Integrin α2 is a component of the very late-activation antigen 2 complex (integrin α2β1) [30] and binds to collagen via the I-domain [31, 32] . Integrin α2β1 is expressed only by effector Th1 and Th17 cells and attaches to collagen I/II-expressing cells of the synovial matrix [32, 33] , resulting in the stimulation of T cell receptor-dependent IL-17 production [34] . IL-17 secreted by Th17 cells induces the production of pro-inflammatory cytokines such as IL-1 and -6 and TNF-α by macrophages, chondrocytes, and fibroblast-like synoviocytes, and was found to cause bone erosion via expression of receptor activator of nuclear factor-κB ligand (RANKL) in fibroblast-like synoviocytes and osteoclasts [35] . Blockade of integrin α2β1 reduced synovial inflammation, cartilage destruction, and bone loss in the joints of CIA mice [36] . According to the RNA microarray results and KEGG pathway analysis, integrin α2 is involved in phosphoinositide 3-kinase (PI3K)-Akt signaling, ECM receptor interaction, focal adhesion, and phagosome formation. PI3K-Akt signaling maintains basics cellular functions such as proliferation and differentiation [37] , and inhibition of this pathway is a therapeutic strategy for RA treatment. Although the exact role of integrin α2 in the pathways identified by KEGG analysis is unclear, our results suggest that integrin α2 plays an important role in RA etiology, and is thus a candidate biomarker for RA diagnosis. Irf7 was another gene that was identified by microarray analysis as being upregulated in RA. IRF7 regulates the transcription of IFN-stimulated genes such as IFN-β, RANTES, and IFN-γ-inducible protein 10 that are expressed in the joints of RA patients [38] [39] [40] . Irf7 knockdown was found to decrease IFN-stimulated response element promoter activity [41] , resulting in a decrease in the expression of genes associated with Th17 cell differentiation; however, this was accompanied by an increase in IL-17 secretion by Th17 cells. Further research is needed to resolve this discrepancy.
IL-1 and TNF-α are involved in joint inflammation and erosion in RA [42] . TNF-α-induced upregulation by TNF-α in synovial T cells was shown to increase RANKL expression and stimulate osteoclastogenesis in RA [43] . IL-27 is produced by antigen-presenting cells and regulates T cell differentiation and function [44] ; it has pro-or anti-inflammatory functions depending on the disease stage [45, 46] . IL-27 levels were found to be higher in RA patients than in healthy individuals [47] . IL-27Ra −/− mice showed reduced severity of proteoglycan-induced arthritis [46] , whereas injection of exogenous IL-27 improved RA symptoms in the CIA model [45] . Consistent with these earlier studies, we found here that IL-27 was upregulated in CIA as compared to control mice. In contrast, we observed that IL-2 expression was also increased in the RA model, although previous reports suggest that the IL-2 level is lower in rheumatoid synovial fluid, synovial tissue, and peripheral blood of RA patients than in those of control subjects [48, 49] . This discrepancy may be due to differences between species.
Our proteome array results showed that RANTES (or CCL5) was upregulated in CIA as compared to control mice. In contrast, the Ccl5 transcript (encoding RANTES) showed the opposite trend. RANTES is a chemotactic factor that recruits monocytes, memory T cells, and natural killer cells [50] [51] [52] . Others have reported higher RANTES levels in CIA mice relative to controls [53] . Therefore, additional research is necessary to clarify the exact role of RANTES in RA.
In summary, we found that integrin α2, IL-1β and -6, and TNF-α were upregulated in a mouse model of RA. In particular, integrin α2 was identified for the first time as a potential biomarker that can expedite RA diagnosis and be used to monitor disease progression.
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